Clinical and Radiographic Risk Factors for Operative Stroke and Death in the European Carotid Surgery Trial  by Bond, R. et al.
Eur J Vasc Endovasc Surg 23, 108–116 (2002)
doi:10.1053/ejvs.2001.1541, available online at http://www.idealibrary.com on
Clinical and Radiographic Risk Factors for Operative Stroke and Death
in the European Carotid Surgery Trial
R. Bond1, S. K. Narayan2, P. M. Rothwell1 and C. P. Warlow3, on behalf of the European Carotid
Surgery Trialists’ Collaborative Group
1Stroke Prevention Research Unit, University Department of Clinical Neurology, Radcliffe Infirmary, Oxford, U.K.,
2Jawaharlal Institute of Postgraduate Medical Education and Research, Pondicherry, India, 3Neuroscience Trials Unit,
Western General Hospital, Edinburgh, U.K.
Objectives: carotid endarterectomy is associated with significant morbidity and mortality. A better understanding of the
relationships between baseline characteristics and outcome may help to reduce the risks of surgery. In order to make
accurate and unbiased estimates of surgical risk it is important to study cohorts of patients that were established
prospectively, where independent physicians assessed outcome, and where the decision to analyse and report the results
was not data-dependent. The surgical arm of the European Carotid Surgery Trial (ECST) is such a cohort.
Methods: the 30-day outcome of carotid endarterectomy was analysed in ECST surgery patients in relation to their
baseline clinical and angiographic characteristics. The severity of operative strokes was compared with that of strokes that
occurred in the medical group.
Results: 1729 patients underwent trial surgery. There were 17 deaths (1.0%, 95% CI=0.6–1.6) and 105 non-fatal major
strokes (6.1%, 95% CI=5.0–7.3) within 30 days of surgery. The risk of major stroke or death was 7.1% (95% CI=
5.9–8.4). The risk of disabling or fatal stroke was 3.0% (95% CI=2.1–3.8). The ratio of disabling to non-disabling
operative strokes was similar to that in the medical group. Several baseline characteristics predicted the operative risk of
stroke and death in univariate analyses, but only four were independent risk factors in a multiple regression analysis:
presentation with cerebral TIA vs ocular ischaemic events only (HR=2.99, 95% CI=1.33–6.69, p=0.008); female sex
(HR=2.04, 95% CI=1.37–3.06, p=0.001); systolic hypertension (HR=1.01 per 10 mmHg, 95% CI=1.00–1.02, p=
0.03) and peripheral vascular disease (HR=2.17, 95% CI=1.17–2.89, p=0.001).
Conclusions: the operative risk of stroke and death in the ECST was comparable with other prospective studies and
trials in which patients were assessed postoperatively by both a physician and a surgeon. Case fatality and disability after
operative stroke are similar to strokes that occur on medical treatment only. Several baseline patient characteristics predict
surgical risk and it may be possible to use these characteristics to aid patient selection and surgical audit.
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Introduction study the risks of surgery in a cohort of patients
that was established prospectively and in which the
Carotid endarterectomy has a significant morbidity decision to analyse and report the results was not
and mortality. The risks are greater for patients with data-dependent. The European Carotid Surgery Trial
symptomatic than asymptomatic stenosis, but even (ECST)4 surgery patients represent such a group and
when symptom status is taken into account there is are the largest published cohort of patients with symp-
still much variation in the published risks of carotid tomatic carotid stenosis in which the complications of
endarterectomy.1,2 There is also likely to be a con- endarterectomy were assessed by both a physician
siderable degree of publication bias resulting from a and a surgeon. The ECST data are likely to provide
tendency for surgeons or institutions with a high as accurate an estimate as possible of the true morbidity
operative risk to be less inclined to publish their data and mortality of surgery, at least as it was performed
than those with low risks.3 It is useful, therefore, to by experienced surgeons in Europe during the 1980s
and 1990s.
Analyses of the efficacy of endarterectomy (actuarial
∗ Please address all correspondence to: P. M. Rothwell, Stroke Pre- or otherwise) are usually based simply on the effectvention Research Unit, Department of Clinical Neurology, Radcliffe
Infirmary, Woodstock Road, Oxford OX2 6HE, U.K. of the operation on the absolute number of strokes that
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occur on medical treatment only vs surgical treatment. were also requested. The local physician recorded any
disability on the Rankin scale10,11 6 months after anyThis assumes that the strokes in the two groups are
of similar severity. To test this assumption, we studied stroke. Myocardial infarction was defined on the basis
of a suggestive clinical history with either electro-the severity of strokes occurring within 30 days of
surgery compared with first strokes on follow-up in cardiographic changes or increased cardiac enzyme
concentrations. Other routinely recorded outcomes in-the medical group.
Audit of operative performance is important if the cluded local haematoma requiring surgical drainage,
deep venous thrombosis, pulmonary embolus, tran-benefits of endarterectomy demonstrated in recent
trials are to be translated into clinical practice, but it sient ischaemic attack and stroke lasting less than 7
days, cranial nerve palsy and wound infection.is unclear to what extent the operative risks of a
particular surgeon, or a particular institution, are a Transient ischaemic attack was defined as a focal
neurological or retinal deficit lasting less than 24 h,reflection of case-mix as opposed to operative tech-
nique, or skill.5–7 In addition to providing accurate minor stroke as any stroke lasting less than 7 days
and major stroke as any stroke lasting 7 days or more.estimates of the overall risks of the procedure, the ECST
data allow more complex analyses of the associations Disabling stroke was defined by a Rankin score of 3
or more. The main operative outcomes studied werebetween specific variables and the operative risk. We
have therefore determined the extent to which risk is death, non-fatal major stroke, and non-fatal myocardial
infarction. Only events occurring within 30 days ofdependent on the baseline clinical and angiographic
characteristics of the patient. surgery were included in the analysis. Four patients
had a stroke in the territory of the symptomatic carotid
artery after randomisation but prior to surgery, and
were not, therefore, operated. They are excluded from
Patients and Methods this analysis although they were, of course, included
in the trial analysis of the overall effect of endarter-
The methods of the ECST have been published in ectomy.4 Operative risk was defined as any stroke or
detail previously.4,8 Briefly, patients were randomised death occurring within 30 days of trial surgery. Trial
if they had suffered a carotid distribution transient surgery was defined as the first endarterectomy that
ischaemic attack, minor ischaemic stroke, non-dis- was performed within 1 year of randomisation. Stat-
abling major ischaemic stroke, or a retinal infarction istical analysis of the relationships between baseline
in the last 6 months, and if, after a carotid angiogram, clinical and radiological characteristics, and operative
the physician and surgeon were uncertain whether risk was performed univariately using Chi-squared or
to recommend carotid endarterectomy. Patients were Fisher’s exact test as appropriate. All variables that
randomised to “immediate surgery” (60%) or to “avoid approached significance (p<0.1) were then entered in-
immediate surgery” (40%). At randomisation, certain dividually into a multiple regression model in order
baseline clinical data were recorded and sent to the to correct associations for imbalances in clinical case
main trial centre along with the pre-randomisation mix. Calculations were performed using SPSS for Win-
carotid angiograms and computed tomographic (CT) dows Version 10.0.5 (Copyright SPSS Inc., 1989–99).
brain scans. The degree of stenosis at the carotid
bifurcation of both carotid arteries was measured by
two observers (PMR and CPW) on the angiogram by
the ECST method.9 The mean of the two measurements Results
was used in the analyses in this paper.
It was strongly recommended that the surgeon per- The analysis was confined to the 1791 (99%) ECST
patients who were randomised to carotid endarter-forming the endarterectomy was the collaborating
surgeon and not a trainee or assistant. The surgeon ectomy and for whom complete data were available.
Of these, 62 (3%) did not undergo surgery. Of therecorded details of the operation and of any adverse
events which occurred prior to hospital discharge. 1202 patients randomised to medical treatment, 116
eventually underwent carotid endarterectomy duringPatients were reviewed by a physician 4 months after
the operation. Clinical details of outcomes, including the next year. However, this paper is confined to the
1729 patients who were randomised to surgery andCT scan and necropsy reports where available, were
sent to the main trial centre for classification by a underwent carotid endarterectomy within 1 year of
randomisation. The median time from last ipsilateralneurologist and then by a clinical audit committee
who were blinded to treatment allocation. Details of carotid territory cerebrovascular symptoms to surgery
was 61 days [95% range=10–240]. The median delayany re-operation or postoperative arterial imaging
Eur J Vasc Endovasc Surg Vol 23, February 2002
R. Bond et al.110
Table 1. Operative complications within 30 days of carotid en- Other complications of surgery
darterectomy in 1729 patients who underwent trial surgery in the
ECST. There were 19 (1.1%, 95% CI=0.7–1.7) transient isch-
Complication Cases Risk (%) (95% CI) aemic attacks and 15 (0.9%, 95% CI=0.5–1.4) minor
strokes (Table 1). The combined risk of any stroke or
Fatal events TIA within 30 days of surgery was 8.7% (95% CI=Ipsilateral stroke 11 0.6 (0.3–1.1)
Contralateral stroke 0 0.0 (0.0–0.2) 7.4–10.1). In addition to 4 deaths due to myocardial
Myocardial infarction 4 0.2 (0.1–0.6) infarction, there were 4 non-fatal myocardial infarc-
Other 2 0.1 (0.0–0.3) tions and 4 episodes of unstable angina. The mostTotal 17 1.0 (0.6–1.6)
Non-fatal major stroke common minor complications were peripheral nerve
Ipsilateral carotid 94 5.4 (4.4–6.6) palsy and neck haematoma requiring re-operation
Contralateral carotid 7 0.4 (0.2–0.8) (Table 1).Vertebrobasilar stroke 4 0.2 (0.1–0.6)
Any major non-fatal stroke 105 6.1 (5.0–7.3)
Any major stroke or death 122 7.1 (5.9–8.4)
Other non-fatal events
TIA 19 1.1 (0.7–1.7)
Severity of operative strokesMinor stroke 15 0.9 (0.5–1.4)
Myocardial infarction 4 0.2 (0.1–0.6)
Unstable angina 4 0.2 (0.1–0.6) One hundred and sixteen major strokes occurred inCranial nerve palsy 111 6.4 (5.3–7.7)
the surgical group of the ECST within 30 days ofNeck haematoma requiring
reoperation 53 3.1 (2.3–4.0) surgery. One hundred and five strokes were ipsilateral.
Wound infection 4 0.2 (0.1–0.6) Eleven (10%, 95% CI=5–16) were fatal and 41 (35%,Pulmonary embolism 2 0.1 (0.0–0.5)
95% CI=27–44) were disabling. In the non-surgical
group during the equivalent 30 days from the time
of randomisation 11 strokes occurred. All 11 were
ipsilateral, 2 (18%, 95% CI=2–52) were disabling and
between randomisation and surgery was 14 days and 3 (27%, 95% CI=6–61) were fatal. Over the full length
90% of operations were carried out within 52 days. of trial follow-up there were 263 first major strokes in
Details of the postoperative assessment by the surgeon the surgical group of which 151 (57%, 95% CI=51–63)
and the 4-month assessment by the study physician were non-disabling, 78 (30%, 95% CI=24–35) were
were available in all cases. disabling and 34 (13%, 95% CI=9–17) were fatal. In
the medical group, there were 191 first major strokes.
Of these, 106 (56%, 95% CI=48–63) were non-dis-
abling, 58 (30%, 95% CI=24–37) were disabling and
The risk of major stroke or death due to surgery 27 (14%, 95% CI=9–19) were fatal. There was no
significant difference in the case fatality (p=0.67) or
There were 17 deaths within 30 days of surgery (1.0%, the disability due to stroke (p=0.59) between the
95% CI=0.6–1.6), 11 due to stroke (Table 1). There surgery and non-surgery groups, either within 30 days
were 105 non-fatal major strokes within 30 days of of surgery or after long-term follow-up (Table 2).
surgery (6.1%, 95% CI=5.0–7.3). The risk of disabling
or fatal stroke was 3.0% (95% CI=2.1–3.8). The risk of
death or major stroke was 7.1% (95% CI=5.9–8.4). A
CT brain scan was performed within 4 weeks of the The effect of clinical and angiographic characteristics on
operative riskstroke in 66 (54%) cases. The scan was normal or
showed an infarct in 64 (96%) cases and showed an
The operative risk of major stroke and death wasintracerebral haemorrhage in two cases. Of the 54 cases
without a CT scan within 4 weeks, three had an infarct stratified according to baseline clinical characteristics
in Figure 2. A higher than expected risk of operativeat autopsy and five were shown on Doppler or catheter
angiography to have occluded the operated artery stroke and death was associated with female sex,
systolic blood pressure >180 mmHg, presentation withshortly after surgery. The stroke was in the territory
of the operated artery in 105 (91%) cases, in the territory cerebral transient ischaemic attack and peripheral
vascular disease (defined as any history of clau-of the contralateral carotid artery in 7 (6%) cases and
in the vertebrobasilar territory in 4 (3%) cases. All but dication, diabetic small vessel disease or surgery for
chronic arterial disease). Patients with systolic blood5 (4%) strokes and 2 (11%) deaths occurred within 7
days of surgery (Fig. 1). pressures of <120 mmHg and patients with ocular
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Fig. 1. The length of time from surgery to either major stroke or non-stroke death within 30 days after surgery.
Table 2. Comparison of disability and case fatality for patients degree of stenosis of the operated artery across the 10
suffering any first stroke following carotid endarterectomy with deciles of stenosis (Chi-squared=24.7, df=9, p=0.003)
those due to any first stroke during follow-up in the no-surgery
(Fig. 4) and disease (stenosis close to the origin of atgroup. Significance is determined using Chi-squared tests.
least 20%) of the ipsilateral external carotid artery
Stroke outcome Treatment received (odds ratio=1.61, 95% CI=1.05–2.47, p=0.03). The
relationship between the degree of stenosis of theTrial surgery No surgery
internal carotid artery and the operative risk was non-
Within 30 days∗ linear. In particular, it appeared to be lower in patientsRankin 0–2 (non-disabling) 64 (55%) 6 (55%)
with very severe stenosis (80–99%) than in patientsRankin 3–6 (disabling) 41 (35%) 2 (18%)
Rankin 6 (fatal) 11 (10%) 3 (27%) with less severe disease (4.6% vs 7.6%, OR=0.62, 95%
Total 116 (100%) 11 (100%) CI=0.37–1.03, p=0.05).Two strokes occurred withinAfter 30 days
Rankin 0–2 (non-disabling) 87 (59%) 100 (56%) 30 days of surgery among the 11 cases in which no
Rankin 3–5 (disabling) 37 (25%) 56 (31%) pre-randomisation angiogram was available, and one
Rankin 6 (fatal) 23 (16%) 24 (13%)
stroke occurred among the 6 patients who were foundTotal 147 (100%) 180 (100%)
Total to have an occluded artery at operation. These cases
Rankin 0–2 (non-disabling) 151 (57%) 106 (56%) were excluded from the analysis in Figure 4. There
Rankin 3–5 (disabling) 78 (30%) 58 (30%)
was a trend towards an increased operative risk withRankin 6 (fatal) 34 (13%) 27 (14%)
Total 263 (100%) 191 (100%) occlusion of the contralateral carotid artery and with
irregular and ulcerated plaque in the ipsilateral carotid∗ 30 days was from the day of operation in the surgical group and
artery (Fig. 3).from randomisation in the medical group.
Multiple logistic regression analysis of all the clinical
and angiographic characteristics listed in Figures 2
and 3 revealed four independent risk factors for stroke
lasting longer than 7 days or death within 30 days ofsymptoms only (amaurosis fugax or retinal artery
endarterectomy (Table 3). Presentation with ocularocclusion) had a lower than expected stroke risk. There
ischaemic events only (as opposed to stroke, cerebralwas a non-significant trend towards association of
TIA or both) was associated with a low operativeleft ventricular hypertrophy with worse outcome. The
risk, whereas female sex, systolic hypertension andoperative risk of major stroke and death is stratified
peripheral vascular disease were each associated withaccording to angiographic and brain imaging char-
a high operative risk. No alteration in significant vari-acteristics in Figure 3. The only characteristics which
ables was found when the model was re-derived ex-were associated with statistically significant hetero-
geneity of operative risk of stroke and death were the cluding the non-significant terms.
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*Data not available for 34 of the 1729 patients.
**Data not available for 480 of the 1729 patients.
Fig. 2. Univariate analysis of associations between baseline clinical characteristics and risk of major stroke or death within 30 days of
surgery. Significance is tested using Chi-squared tests or Fisher’s exact test as appropriate.
Discussion study surgeon and physician. The 1% mortality due
to endarterectomy for symptomatic carotid stenosis in
Operative morbidity and mortality in the ECST the ECST is lower than that found in a systematic
review of the published literature covering the period
The morbidity and mortality data for trial surgery in of the trial, but the 7.1% risk of major stroke and death
is greater.2 However, this 7.1% risk is similar to thethe ECST are likely to be reliable. Patients were as-
sessed preoperatively and postoperatively by both a risk reported in those studies in the systematic review
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Fig. 3. Univariate analysis of associations between baseline angiographic and brain imaging characteristics, and risk of major stroke or
death within 30 days of surgery. Significance is tested using Chi-squared tests or Fisher’s exact test as appropriate.
in which outcome was assessed by neurologists or the frequency of use of quality control and techniques
such as local anaesthetic in the 7 years since completionstroke physicians.
The overall risk of stroke and major death due to of the ECST and NASCET. The data can therefore be
criticised for no longer reflecting practice of carotidendarterectomy in the ECST is slightly higher (7.1%
vs 6.5%) than that reported in the North American surgery in the new millennium. However, evidence
suggests that the 30-day stroke and death rate fol-Symptomatic Carotid Endarterectomy Trial (NA-
SCET),12 but this difference is not statistically sig- lowing carotid endarterectomy for symptomatic
patients still lies between 5 and 8%, and it is likelynificant. In patients with 70–99% NASCET stenosis,
the NASCET risk of 5.8% (95% CI=3.5–8.9) is, in fact, therefore, that the analyses performed in this paper
are still relevant to modern practice.14–17higher than the ECST risk of 4.6% (95% CI=2.7–7.4).13
Again, this difference is not statistically significant. In The proportion of strokes within 30 days of trial
surgery that were either disabling or fatal was almostpractical terms, therefore, the risks of stroke and death
due to endarterectomy appear to be very similar in identical to the proportion occurring within 30 days
of randomisation in patients on medical treatmentthe two studies. The ECST and NASCET risks are not,
of course, applicable to all surgeons, but they are likely alone (45% vs 48% respectively). This proportion re-
mained similar when extended to long-term follow-to be reasonable estimates of good practice in the 1980s
and 1990s. There have undoubtedly been changes in up (43% surgical and 43% in medical arm). This is an
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Fig. 4. The risk of major stroke or death within 30 days of surgery by decile of stenosis of the symptomatic carotid artery. Data are based
on 120 events among 1717 patients, as one operative stroke occurred in a patient in whom no preoperative angiogram was available, and
one stroke occurred among the 6 patients who were found to have an occluded artery at the time of operation.
Table 3. The significant variables developed from a logistic re- expected in both operated and non-operated patients
gression model for any major stroke or death within 30 days of with carotid disease. Higher proportions than these
carotid endarterectomy.
might arise in studies with less rigorous follow-up
Wald p Hazard 95% CI regimes than the ECST and NASCET where less severe
ratio strokes are missed because of the lack of prospective
specialist follow-up. Surgical series with higher strokeSignificant variables
Female sex 12.1 0.001 2.04 1.37–3.06 case fatality rates, suggesting that mild strokes have
Peripheral vascular been missed, should be interpreted with caution.
disease 11.6 0.001 2.17 1.17–2.89
Most reviews of the complications of carotid en-Systolic blood
pressure darterectomy concentrate on the risks of stroke and
(per 10 mmHg) 4.50 0.034 1.01 1.00–1.02 death. These are the major outcomes of interest, but a
Presenting events 8.71 0.013
significant amount of the total morbidity followingOcular events only 1.00
TIA only 2.99 1.33–6.69 endarterectomy is due to causes other than stroke.
Stroke or TIA 2.03 0.90–4.61 Excluding the pre-operative anxiety and the dis-
comfort following the operation, there was a 3% risk
of wound haematoma requiring re-operation, a 6.4%
risk of cranial nerve palsy and small, but nevertheless
important, risks of non-fatal myocardial infarction,important observation. Although an outcome based
unstable angina, deep venous thrombosis and pul-on disability-free survival is likely to be the most
monary embolism. These risks are comparable to thoseappropriate measure of the benefit of carotid en-
reported in the NASCET.18,19darterectomy, these findings suggest that actuarial
The ECST did not systematically collect data oncomparisons of the numbers of strokes in the two
which cranial nerve was injured, or whether recoverytreatment groups (as has been used for analysis of the
was complete. In previous studies the facial, hy-overall trial results) are unlikely to be biased for or
poglossal and recurrent laryngeal nerves are mostagainst endarterectomy with regard to disability.
commonly damaged, and recovery is complete withinThe stroke case fatality in the surgical group (18%)
1 year in approximately 90% of patients.20,21 It is dif-was similar to that in the non-surgical (20%) group
ficult to estimate the disability which is associated withand similar to that reported in the NASCET surgery
cranial nerve injury but it may easily be equivalent togroup.18 It would appear that a case fatality of around
20% and a disabling/fatal stroke rate of 40% is to be the disability caused by a minor stroke.
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